The effect of latent fingerprint processing on the recovery of gunshot primer residue particles from latex gloves by Jenquine, Kelsie Lynn
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2019
The effect of latent fingerprint
processing on the recovery of
gunshot primer residue particles
from latex gloves
https://hdl.handle.net/2144/36524
Boston University
 BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 
 
Thesis 
 
THE EFFECT OF LATENT FINGERPRINT PROCESSING ON THE 
RECOVERY OF GUNSHOT PRIMER RESIDUE PARTICLES FROM LATEX 
GLOVES 
 
 
by 
 
 
KELSIE LYNN JENQUINE 
B.A., Wheaton College, 2015 
 
 
 
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
2019 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2019 by 
KELSIE JENQUINE 
All rights reserved 
 
 Approved by 
 
 
 
First Reader  
 Sabra Botch-Jones, M.S., M.A., D-ABFT-FT 
Assistant Professor, Program in Biomedical Forensic Sciences  
 Department of Anatomy & Neurobiology 
  
  
Second Reader  
 Lynn Schneeweis, M.S. 
Deputy Laboratory Director of Forensic Biology 
Massachusetts State Police Crime Lab 
  
  
  
iv 
 
ACKNOWLEDGMENTS 
I would like to express my deepest gratitude to my academic and thesis advisor, 
Sabra Botch-Jones, for all of her help on this project as well as all of the guidance she has 
provided me throughout my time at Boston University School of Medicine. I would like 
to extend my appreciation to John Drugan and the rest of the analysts in the Trace, Arson, 
and Explosives Section at Massachusetts State Police Crime Lab for their assistance 
during this project.  In particular, I would like to give a special thank you to my thesis 
committee members, John Biello and Lynn Schneeweis, for their continued support, 
knowledge, and for taking so much time out of their lives to answer my questions and 
review my work. They provided me with incredible guidance throughout the entire 
process. In addition, I would like to thank my family, friends, and the faculty and staff 
within the Boston University Biomedical Forensics Program.  
. 
 
 
v 
THE EFFECT OF LATENT FINGERPRINT PROCESSING ON THE 
RECOVERY OF GUNSHOT PRIMER RESIDUE PARTICLES FROM LATEX 
GLOVES 
 
KELSIE LYNN JENQUINE 
ABSTRACT 
Gunshot primer residue (P-GSR) is released from the openings of a firearm when 
it is discharged12,13.  P-GSR is made of microscopic particles that are considered 
characteristic of being derived from firearm ammunition when composed of barium (Ba), 
lead (Pb), and antimony (Sb) and have the correct morphology4.  Morphology describes 
the shape of the P-GSR particle, which can be spherical, irregularly shaped, and must be 
non-crystalline.  Forensic labs are commonly requested to test for the presence of P-GSR 
on evidential items, such as hands, clothing, vehicles, and gloves, in order to provide 
circumstantial evidence showing that they were, in some way, possibly involved with a 
shooting.  Occasionally these evidential items are also expected to undergo fingerprint 
processing to potentially link someone to a crime.  Latex gloves are often utilized in the 
commission of a crime with the impression that fingerprints cannot be left behind, 
however latent prints can often be developed on this non-porous material.  Due to the 
evidential value of fingerprints and in order to ensure that potential prints are not 
damaged during P-GSR collection, latent print development is routinely performed first.  
Considering that P-GSR particles are easily dislodged, it is possible that some loss of P-
GSR may occur during latent print processing.   
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The purpose of this study was to evaluate the effect of processing a non-porous 
item for latent fingerprints on the subsequent recovery and detection of P-GSR.  Latex 
gloves were worn during the discharge of either a pistol or a revolver and then processed 
for latent prints by undergoing cyanoacrylate fuming followed by either white powder or 
yellow dye.  The latex gloves were then sampled for P-GSR using aluminum stubs 
containing an adhesive coating which were dabbed over the gloves until they loss their 
tackiness.  The stubs were then carbon coated using a Denton Vacuum Desk IV in order 
to prevent charging in the analytical instrument.  Utilizing a JEOL JSM-6460LV 
Scanning Electron Microscope (JEOL USA Inc., Peabody, MA coupled with an EDAX 
Apollo X Analyzer (EDAX Inc., Mahwah, NJ) and EDAX Genesis GSR Software, the 
stubs were processed for three-component particles characteristic of P-GSR.   
It was determined that P-GSR can still be recovered on latex gloves after 
undergoing latent print processing involving cyanoacrylate fuming followed by either 
white powder or yellow dye processing.  Three-component particles were found on both 
the interior and exterior of the latex gloves after being processed for latent prints.  On 
average, 33 P-GSR particles were found on the exterior of the gloves and four P-GSR 
particles were found on the interior of the gloves.  Although significantly less were found 
on the interior of the gloves (<10), it is recommended that both sides of gloves be stubbed 
when collecting P-GSR for the greatest chances of collecting three-component particles if 
they are in fact present on a pair of gloves.      
Although more particles were found on the gloves that were not processed for 
latent prints, a sufficient number of particles (³3 particles) were consistently found on the 
vii 
latex gloves after undergoing latent print processing to provide a positive P-GSR result 
according to the Massachusetts State Police Crime Lab guidelines for P-GSR analysis.  
Therefore, this research shows that latex gloves can first be processed for latent prints 
and then subsequently be processed for P-GSR effectively in order to try and obtain both 
forms of evidence for a case. 
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1. INTRODUCTION 
1.1 Purpose 
Latex gloves are often utilized by criminals in the hopes of preventing latent 
prints from being left behind at the scene of a crime. Little do they know that latent prints 
can often be recovered from these types of gloves, linking the wearer to the crime scene.  
Fingerprints serve as one of the most valuable pieces of evidence because of their 
uniqueness.  They are formed through the deposition of sweat and oils secreted from the 
pores located on the ridges that make up ones’ fingerprints.1 In firearm-related cases, 
latex gloves can also be utilized as evidence against a suspect through the detection of 
gunshot primer residue (P-GSR).  The Federal Bureau of Investigation (F.B.I.) cites that 
over 72% of murders that occurred in the United States of America (U.S.A.) involved the 
use of a firearm.  In addition, over 40% of robberies and 26% of aggravated assault cases 
involved the use of a firearm.2 It is therefore safe to say that testing for the presence P-
GSR is commonly performed in forensic labs across the country and can provide 
significant value to criminal court cases as circumstantial evidence.   
The first set of guidelines that were released to the public for P-GSR 
examinations were published in the Aerospace Report of 1977.3 P-GSR is a material 
emitted from a discharged firearm composed of microscopic particles derived from the 
primer and cartridge composition of the ammunition.  These compositions consist of a 
variety of burned, unburned, and partially burned metals and inorganic materials, but the 
three elements that are considered characteristic of P-GSR particles when found together 
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are barium (Ba), antimony (Sb), and lead (Pb).  The composition of most primers in 
North America consists of lead styphnate as an initiating explosive, barium nitrate as an 
oxidizer, and antimony sulfide as a fuel.4 In addition to the presence of these three 
elements, the correct morphology (rounded, spheroidal shape and irregular shaped, non-
crystalline) must be present for a positive identification of P-GSR particles, which is 
indicative of originating from a discharged firearm.  
 
Figure 1. An image of a spheroidal 3-component gunshot primer residue particle 
under 3300x magnification on a SEM/EDS.  
 
In addition to fingerprinting and P-GSR, the increased sensitivity that has 
developed in DNA recovery and analysis has made detectability of very small amounts of 
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DNA a possibility for identifying an individual related to a criminal case.  Small amounts 
of DNA, sometimes referred to as touch DNA, is trace evidence, typically skin cells, that 
have been deposited on a surface or object through contact with an individual’s skin and 
can be collected, processed, and potentially produce a profile that can be potentially 
matched to a suspect. In firearm-related cases, latex gloves can also be utilized as 
evidence against a suspect through the detection of gunshot primer residue (P-GSR).   
The goal of this research was to determine the ability to recover gunshot primer 
residue particles on non-porous material, in this case latex gloves, after putting the gloves 
through latent print processing.  Through this research, forensic labs can have a better 
grasp on the processing order of items of evidence that require both latent print 
processing, low-level DNA collection, and P-GSR testing.  
1.2 Latent Print Processing 
 As stated previously, latent prints are created through the deposition of sweat and 
oils from the ridges on one’s fingers on an object.  The word latent means invisible or 
hidden, and therefore latent prints are undetectable until developed with a physical or 
chemical development process.5 Determining which route to take when processing an 
evidential item for latent prints is dependent on the type of surface or substrate that you 
will be developing, meaning porous versus non-porous materials.  Porous items are 
typically processed with chemical reagents because the components of the latent print 
will likely absorb into the substrate, and therefore a topical development process will not 
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be as effective.  For non-porous items, physical processes are typically used, such as 
powder, dyes, or vacuum metal deposition.5-6   
 
1.2.1 Cyanoacrylate Fuming 
 The ability to develop latent prints using cyanoacrylate fuming was first 
discovered in 1977.7  It is used to develop prints on nonporous surfaces, such as glass, 
plastic, and metals.5  Cyanoacrylate fuming, also known as superglue fuming, is often 
utilized in latent print development in order to stabilize the print so that it cannot be 
altered when being developed for increased visibility using dyes or powders.6-7  Utilizing 
a chamber to contain the evidential items and fumes, this process can be performed both 
in the lab and in the field.  During the fuming process, a small amount of cyanoacrylate 
glue is placed inside the chamber and produces vapors which will surround the items 
being processed.  These vapors can be produced with ambient temperatures over a long 
period of time, but can be more quickly produced with added heat.  When in close contact 
to items containing latent prints, the fumes will adhere and polymerize to the secretions 
of the prints to form a visible, three-dimensional white residue.6-7 Humidity can play a 
large role in the development of the residue polymers.  One study found that the optimal 
humidity for cyanoacrylate fuming of fingerprints was 80% humidity.8 Polymerization is 
the process where particles bond together and is responsible for stabilizing the latent 
prints on to the substrate that they are located.  The evidential items should be monitored 
in order to prevent overdevelopment of the latent print.6  
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1.2.2 Physical Print Processing 
 Following cyanoacrylate fuming, dyes and powders are commonly used to 
increase the visibility of the print.5-6 Dye stains are applied to and adhere to cyanoacrylate 
molecules in order to make the print more visible under a particular range of light 
wavelengths.  For instance, yellow dye is most visible when looks at under light ranging 
from 300 to 450 nm in wavelength whereas basic red dye is best observed under 450 nm 
wavelength.  Dye stains can be applied through spraying, washing, or dipping.  An 
alternative method of latent print development following cyanoacrylate fuming is 
powder.6 The powder technique has been used to develop prints since 1891, making it 
one of the oldest methods in latent print processing.9 There are multiple colors of 
powders, including black, white, gray, fluorescent pink, and fluorescent green.  The color 
powder that should be used is dependent on the background color and type of substrate in 
order to produce the best contrast.  These powders are commonly applied using a brush 
composed of fiberglass filaments, camel hair, or squirrel hair.  Using a small amount of 
powder, the brush is lightly moved across the surface containing the latent print, taking 
extra care not to over powder the print so that it can be properly documented.5-6 The 
powder will adhere to the residue making up the latent print, and therefore provide better 
visibility.5 These prints can be captured through photographs, but they can also be lifted 
with tape which can then be placed and stored on a card of contrasting color.5-6     
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1.3 Firearms and Gunshot Primer Residue 
There are four major components of an ammunition cartridge: a projectile, a 
cartridge case, a propellant, and a primer cup.3,10-11 When the firing pin of a gun strikes 
the primer cup in the back of the bullet cartridge, the primer explodes and ignites the 
gunpowder; this reaction is what forces the bullet down the barrel of a firearm.  Within 
the cartridge, the components of the primer are exposed to extreme heat and high 
pressure, vaporizing the chemicals into microscopic droplets which can then escape any 
openings within the firearm. For instance, with a revolver, gas will escape out of the 
openings of the cylinder gaps, trigger mechanism, the barrel, and hammer area.12 With a 
pistol, it would escape out of ejection port, the barrel, and the trigger mechanism.13 
Following the principles of thermodynamics, these molten metal droplets form spheres in 
order to minimize their amount of surface area due to the high heat and pressure that they 
are exposed to during the ignition of the gunpowder.4,14-16  These droplets then undergo 
rapid cooling and can be deposited on anything in the surrounding area of the discharged 
firearm, such as the hands and clothing of the shooter and possibly on bystanders in close 
vicinity.  The particles have been found to vary in size.  Typically, they are 1-10 microns 
in diameter, but have been found to reach up to approximately 50 microns in 
diameter.14,17 
The elemental composition of P-GSR particles is directly connected to the 
elements present in the primer in the ammunition.18 The first presumptive test for P-GSR 
was published by Harrison and Gilroy in 1959 which applies reagents in a specific 
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sequence to test for barium, lead, and antimony.19 Although most American ammunitions 
contain barium, antimony, and lead, ammunition in other countries could have different 
primer cup compositions.  For instance, China and Russia have been known to make 
primer cups using different chemistry, such as using mercury fulminate as the primary 
explosive instead of lead styphnate.20  Due to the poor impact that lead and heavy metals 
have shown to have on the environment, there has been a movement away from the three 
characteristic components of P-GSR and toward more organic compositions, making P-
GSR identification more complex.4,10  The movement is mostly concerned with the 
presence of lead in ammunition.  Elements such as titanium and zinc have been used 
because of their decreased toxicity in the environment.21  In the cases where all three of 
the predominant elements are not present in a sample, labs can search for other elements 
that are commonly found in ammunition and compare it to the chemical composition 
found on a fired cartridge casing from the case.4  The ASTM 1588 Standard Guide for 
Gunshot Residue Analysis by Scanning Electron Microscopy/Energy Dispersive X-ray 
Spectrometry (SEM/EDS) document contains a list of elemental compositions that can be 
used to identify P-GSR.4  Although P-GSR containing lead, antimony, and barium is 
considered characteristic of primer in ammunition, studies have shown that a few 
exceptions have been found where three component particles originate from other 
sources, such as cartridge-operated industrial tools22, pyrotechnics involved in 
fireworks23, automotive brakes24-25, agricultural, and military industries25. 
 
8 
 
 
 
1.4 Gunshot Primer Residue Persistence 
Gerard et al. found that GSR particles can be airborne after the discharge of the 
firearm, but can also adhere to and surround the bullet being fired, traveling at least 18 
meters downrange from the shooter.  Their research also showed that an individual within 
13.5 meters of a discharging firearm can be exposed to P-GSR, as well as those within 3 
meters of the path of the projectile.  The P-GSR particles that are on and around the bullet 
can become dislodged when the bullet hits a solid object, resulting in P-GSR likely being 
deposited objects and people that are shot as well.26  There can be considerable overlap in 
amounts of P-GSR between a shooter and bystanders, which prevents one from making 
conclusions about who shot a gun and who was in the vicinity of a discharged firearm.16 
In fact, the spread of P-GSR particles released from a discharged firearm in addition to 
the ease of transfer of P-GSR from one surface to another is the reason that a positive 
GSR result in a case solely serves as circumstantial evidence rather than as direct 
evidence.18 
1.5 P-GSR Contamination 
1.5.1 Particles in the Air 
Although most P-GSR particles are hollow, they can often vary in wall thickness 
and porosity, and therefore result in different sedimentation times.3  A study on 
sedimentation rates of P-GSR between various firearms showed that there is an obvious 
difference in time of sedimentation when comparing particle size, with smaller particles 
taking longer to fall compared to larger particles.27  As stated in Locard’s principle, when 
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two objects come into contact with one another, an exchange of materials takes place.  
Many studies have shown that someone can become contaminated with P-GSR simply by 
entering a room soon after a firearm was discharged.17 One particular study showed that 
P-GSR particles can remain airborne for as long as 8 minutes after the discharge of a 
pistol, and as long as 10 minutes after the discharge of a revolver, meaning that someone 
walking through the scene of a shooting immediately after discharge could become 
contaminated with P-GSR.27   
 
1.5.2 Particle Transfer 
Someone can also test positive for P-GSR by having physical contact with a 
firearm that was recently fired, as well as an object that is contaminated with P-GSR, 
such as a shooter’s hands or clothing.  One study that focused on the secondary transfer 
of P-GSR indicated that secondary transfer mechanisms are highly capable of 
contaminating an individual with P-GSR who was not present when a firearm was 
discharge.18  Another study honing in on the tertiary transfer of P-GSR determined that a 
considerable amount of P-GSR can be exchanged through successive handshakes 
following the discharge of a firearm.17  Although both of these studies focused on transfer 
under extreme circumstances where handshakes took place immediately after discharge 
of a firearm, considering the high number of particles that were transferred, it is 
indicative of how easily P-GSR is transferred from one surface to another.  In conclusion, 
10 
 
 
 
the interpretation of a positive P-GSR result on an evidential item or an individual’s 
hands should be done with caution.   
Although inorganic particles can last in a normal environment without degrading, 
a variety of actions can result in the loss of P-GSR on one’s hands. 3 These particles are 
easily washed away when someone washes their hands or clothing.  They can also be 
dislodged through every day activities, such as wiping your hands on your clothing or 
putting your hands in your pockets.  One study found that most P-GSR particles were lost 
during the first two to four hours, however particle retention has been shown to vary 
across studies.28 Because of the persistence of P-GSR particles, forensic labs will 
typically have a cut-off time for collecting P-GSR on someone’s hands after the time of 
the shooting.4 For example, Massachusetts State Police Crime Lab (MSPCL) will not 
stub someone’s hands for P-GSR if it has been four hours or more since the time of the 
shooting.  In terms of clothing, P-GSR particles have been shown to persist longer 
compared to one’s hands, however it can depend on the type of material as well as the 
activity of the wearer.4 Considering persistence of P-GSR is highly dependent on 
physical activity, particle loss does not apply to corpses, and therefore can be collected 
from deceased individuals at any time.28   
Considering the ease of transfer of P-GSR, it is not uncommon that one will claim 
that the presence of P-GSR on their hands is likely due to contamination.  Many studies 
have been conducted studying the presence of P-GSR in the environment and shown that 
contamination levels are essentially zero.  For instance, a study conducted in Prague 
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collected stubs from highly trafficked areas, such as super markets, underground trains, 
handrails, and taxis, and reported that contamination levels were essentially zero.  
However, it was reported that there were contamination levels in police cars.21 Another 
study conducted in Chicago found that P-GSR was also found in police transportation as 
well as detention facilities, such as the bars of jail cells and tables in interview rooms.29 
Although these contamination levels associated with police vehicles and detention 
facilities are relatively low, it is recommended that, if possible, a suspect should be 
stubbed for GSR prior to transportation to a police station.   
1.6 P-GSR Collection Techniques 
In order to have the highest chance of recovering P-GSR on someone’s hands 
who has been involved in a shooting, they should be sampled for P-GSR as soon as 
possible.  Typically, collection procedures focus on stubbing the back of an individual’s 
hands as well as the index finger, thumb, and webbed area between the thumb and index 
finger up towards the wrist.  This is because these areas are usually most closely located 
to the openings on a firearm where P-GSR escapes from during discharge, and are 
therefore more susceptible to being contaminated with 3-component particles.3  
12 
 
 
 
 
Figure 2. Location on hands that are most susceptible to P-GSR contamination due 
to the proximity to the openings on a firearm during discharge.  
These areas should be focused on when collecting P-GSR off of an individual’s hands.  
It should also be noted that laboratories typically have a minimum requirement of how 
many three-component particles that have to be identified in order for an item to be 
deemed “positive” for P-GSR.  For example, MSPCL requires at least three 3-component 
particles to be found during analysis of an evidential item in order to state that an item 
was positive for P-GSR.   
The collection of P-GSR, both organic and inorganic material, has been 
conducted using a variety of techniques, such as stubbing, swabbing, vacuuming, and 
tape lifting.  Vacuuming is a more realistic collection technique when collecting P-GSR 
from clothing rather than someone’s hands.  A study by Goleb and Midkiff found that 
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tape lifting was superior to glue lifting in collecting P-GSR.  They also determined tapes 
and tabs to have a stronger adhesion capability in comparison to liquid adhesives.30  
Many crime labs employ a stub collection method when collecting for P-GSR, which 
utilizes an adhesive-coated aluminum stub which is pressed repeatedly over the area of 
interest (hands, waistband of pants) until the tackiness is gone, and is then stored in a 
plastic container to prevent contamination until testing.31  Prior to analysis, the aluminum 
stubs must be coated in carbon in order to prevent charging of the aluminum stub by the 
electron beam.  These stubs are most commonly analyzed using a scanning electron 
microscope with energy dispersive x-ray spectroscopy (SEM/EDS) to determine if three-
component particles are present.   
1.7 Scanning Electron Microscope with Energy Dispersive X-Ray Spectroscopy 
An SEM/EDS instrument is commonly utilized in forensic labs because they are 
quick, non-destructive, easy to use, and have the ability to see the morphology and 
elemental composition of the P-GSR particles by producing an image and a spectrum.  
All of these abilities make it the ideal automated method for P-GSR analysis in the 
forensic community.  A spectrum is a graph indicating the counts, or number of x-rays 
detected and processed, on the y-axis and energy level of the x-rays on the x-axis.  
Analytical software that is utilized with an SEM/EDS provides qualitative x-ray 
microanalysis, which allows elemental assignment of peaks within a produced spectrum.  
The intensity of the peaks on a spectrum is proportionate to the concentration of the 
associated element within the sample.32  Automation of the instrument has dramatically 
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decreased the amount of manpower and time needed to analyze samples.33  Although the 
process is automated using instrument-specific software, labs are typically still required 
to have an analyst review the particles that are flagged by the software as 3-component 
particles and confirm that what has been identified by the instrument actually contains the 
proper elemental composition and morphology of a P-GSR particle.  When software flags 
a particle as being a three-component particle, it records its coordinates on the stub so 
that the analyst can go back and manually adjust the microscope to the particles position 
and identify and confirm its composition and morphology live33.  
 
Figure 3. A spectrum demonstrating the elemental composition of a characteristic 3-
component gunshot primer residue particle obtained from an EDS.  
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An SEM/EDS instrument utilizes a beam of electrons that is finely focused onto a 
sample in order to determine its compositional microstructure and shape.  Images are 
formed through a point-by-point system where a set of lenses move the electron beam 
along a series of rasters, or fields.  At each field, the beam interacts with the sample and 
in turn causes x-rays and electrons to be emitted from the samples.  The x-ray signal is 
what provides elemental composition information while the electron signal is what 
produces an image of the sample.32,34  
 
1.7.1 Atom Structure and Electron Configuration 
Before describing the types of electron signals that are emitted from a sample 
during SEM/EDS analysis, it would first be beneficial to explain the structure of an atom. 
An atom is the basic component of a chemical element.  The entire theory behind EDS is 
reliant upon the interaction of the electron source with the electrons of atoms in a sample.  
At the center of an electron is a nucleus and surrounding this nucleus are orbitals which 
contain electrons.  As seen in Figure 4, in order of increasing distance from the nucleus, 
these orbitals can be labeled as K, L, M, and N, and the closer an electron is to the 
nucleus, the greater the attraction.34 What is not shown in the figure is that when an 
electron is ejected from the innermost K-orbital, after this hole is filled with an electron 
from the L orbital, that whole is subsequently filled by an electron in the M-orbital, 
which is subsequently filled by an electron in the N-orbital.  Each one of these transitions 
from the L, M, and N orbitals produces a characteristic X-ray which are designated as 
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Ka, Kb, and Kg, respectively32,34.  These x-rays are characteristic of an element because 
they contain precisely the amount of energy that the atom loses when it’s electron 
transitions from a higher-energy orbital to a lower-energy orbital.  Each of these 
transitions can show up as individual peaks on the produced spectrum if there is enough 
energy to gain distinction from the noise.  The Ka peak would be the largest peak due to 
there being the largest difference in energy resulting from the transition from the L-
orbital to the K-orbital32,34.  Therefore, elements with higher atomic numbers will have 
more transitions, and therefore result in more peaks.  All three of the characteristic 
elements in P-GSR (Pb, Sb, and Ba) will have multiple peaks in the produced spectrum 
because they all have multiple transitions when electrons are ejected from the inner shell.   
 
1.7.2 Electron Products 
Two types of electron products emerge from a specimen when the electron beam 
of an SEM interacts with the sample: secondary electrons and backscattered electrons. 
Secondary electrons are low-energy electrons (£50 eV) that spread through the sample 
and then escape through the surface, providing an image of the sample topography.32 
Secondary electron imaging is the standard detection mode in a SEM because of its 
ability to produce high-resolution pictures with details that range from 1-5 nanometers in 
size.  They form as a result of inelastic scattering, where the electron beam transfers its 
energy to the electrons bound in the specimen; the weakly bound outer-shell electrons of 
the specimen become secondary electrons when they are ejected from their relevant 
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atoms, resulting in the specimen losing energy32,34.  When these outer-shell electrons are 
ejected, they are replaced by a higher shell electron within the atom.32,34 The difference in 
energy between the outer-shell electron and higher-shell electron is accounted for by the 
emission of an x-ray that is equivalent to that difference in energy.  The wavelengths of 
these x-rays are characteristic for each element, allowing the determination of the 
elemental composition of a sample through use of an x-ray detector.14 However, because 
secondary electrons are only escaping from the surface of the sample, elemental 
composition results are not as accurate compared to backscattered electron detection.  
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Figure 4. Electron movement within an atom during SEM/EDS analysis.  Step 1 is 
the ejection of an electron from an outer shell which can be detected by an electron 
detector to produce an image.  Step 2 is the replacement of the ejected electron by a 
higher-shell electron. Step 3 is the emission of a characteristic x-ray to account for 
the energy difference which can be captured by an x-ray detector to determine its 
elemental composition.  
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Backscattered electrons (BSE) intercept the sample surface and undergo a single 
or multiple elastic scatterings and ultimately return to the sample surface to escape.  
Elastic scattering is when beam electrons change their trajectory by deflecting off of the 
electrical field of atoms within the specimen.  These types of electrons provide contrast to 
the imaging based on the average atomic number (Z) of the sample.3,32 Backscattered 
electrons are generated deeper in the sample, interacting with a tear-shaped volume that is 
dependent on the energy of the electron beam and the nuclear charge/atomic number of 
the atoms within the sample.  Due to its ability to interact within a sample, backscattered 
electron imaging is the standard detection mode for P-GSR detection because it can 
produce better elemental compositional results.  However, because it penetrates the 
surface and generates electrons within a volume of the sample, the resolution of the 
images produced is lower in comparison to secondary electron imaging.32   
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Figure 5. Location that secondary electrons, backscattered electrons, and 
characteristic x-rays originate from in the tear-shaped volume that an electron 
beam interacts with in a sample.  
Energy-dispersive x-ray spectroscopy is only capable of processing a single x-ray 
at a time.  When processing incoming signals, it must determine the amount of energy of 
the signal as well as count the number of x-rays at each particular energy.  Live time is 
the term used to describe the time when a detector is not processing data and is available 
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for analysis.  Dead time is the amount of time that is involved in processing the detected 
signals; during this time, the detector is not able to analyze incoming signals.   
SEM/EDS instruments have a large set of parameters that can be manipulated in 
order to obtain the best results for whatever material that a user is trying to detect.  The 
working distance is the distance at which the beam is focused on the sample.  The shorter 
the working distance, the higher the resolution is for imaging.3   
1.8 P-GSR as Evidence 
Positive P-GSR analyses cannot be used in court as conclusive evidence, but 
instead can provide meaning as supportive, circumstantial evidence.4 Circumstantial 
evidence is evidence that implies or supports a story but does not prove it, such as a 
suspect’s fingerprint being found at the scene of a crime.  The other type of evidence is 
direct evidence, which is acknowledged as fact, such as an eye witness testimony.  In 
cases involving P-GSR evidence, a positive P-GSR result on their hands can potentially 
refute their statement claiming that they were not near a firearm in the recent past.  A P-
GSR analysis can also be used to help support or refute a supposed suicide case by testing 
the hands of the deceased individual.  A negative GSR analysis, however, does not 
necessarily indicate that someone was not involved with a shooting considering the poor 
persistence and inconsistent deposition of P-GSR particles on its surroundings.   
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2. MATERIALS AND METHODS 
2.1 Glove Stubbing and Collection 
The pistol used in this experiment was a Taurus PT99 9mm luger with a 5-inch 
barrel (Taurus Holdings Inc., Miami Lakes, FL, U.S.A.) with Remington Kleanbore 
ammunition (Remington Arms Company, LLC, U.S.A.).  The Revolver used in this 
experiment was a Colt Detective Special 38 Special Caliber with a 2-inch barrel (Colt’s 
Manufacturing Company, LLC, West Hartford, CT, U.S.A.) with Winchester Western 
ammunition (Winchester, U.S.A.). 
 
Figure 6. The pistol and revolver used in this study.  A) Colt Detective Special 38 
Special Caliber with a 2-inch barrel. B) Taurus PT99 9mm luger with a 5-inch 
barrel.  
A 
B 
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Adhesive-coated aluminum stubs (Tritech Forensics, Leland, NC, U.S.A.) were 
utilized in this experiment for the collection of P-GSR.  An adhesive-coated aluminum 
stub was exposed to the air in the clean room for the entirety of the stub collecting 
process to serve as a negative air control.  For the negative controls for each of the 
shooting rounds, a firearms specialist washed their hands thoroughly with soap and water 
and then entered the clean room where their left and right hand were stubbed separately 
with an adhesive-coated aluminum stub.  They then put on a pair of Eudermic MP latex 
gloves (Medline Industries, Northfield, IL, U.S.A.) and walked directly to the firing 
room, fired three shots, and then returned to the clean room where the exterior of their 
left and right gloves was stubbed separately for P-GSR collection.  The process was 
completed in triplicate using the pistol, and in triplicate again using the revolver.  
 
Figure 7. The Tritech adhesive-coated aluminum stubs utilized in this study.  
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 For the portion of the study involving latent print collection prior to the collection 
of P-GSR, the same process was repeated, except that prior to the firearms specialist 
going to the firing room, their gloves were marked with an x to designate the outside of 
the glove.  Six rounds of shooting followed by glove collection were performed using the 
pistol followed by six rounds using the revolver, resulting in a total of 12 pairs of gloves 
being collected separately and sent to crime scene services for latent print processing, 
with three sets of those gloves also being swabbed for DNA.  For this process, a swab 
was moistened with deionized water and rubbed onto the glove.  One swab was used to 
collect DNA on the exterior of the gloves while a separate swab was used to collect DNA 
from the interior of the gloves.  In addition, a pair of gloves that were not involved with a 
shooting were sent to crime scene services to undergo latent print processing and P-GSR 
analysis in order to serve as a negative control regarding solely the latent print processing 
procedure. 
TABLE 1. Summary of latex glove sample sets and their associated processes  
Firearm # of Latex gloves Processes Involved 
Pistol 3 pairs  No latent print processing 
3 pairs Cyanoacrylate & white powder 
3 pairs Cyanoacrylate & yellow dye 
Revolver 3 pairs No latent print processing 
3 pairs Cyanoacrylate & white powder 
3 pairs  Cyanoacrylate, yellow dye, & 
DNA collection 
N/A 1 pair Cyanoacrylate & yellow dye 
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2.2 Latent Print Processing 
The gloves that were submitted to Crime Scene Services section were processed 
according to standard MSPCL protocols. All of the gloves were processed using 
cyanoacrylate fuming; the glue utilized in this study was Sirchie Omega-Print 
Cyanoacrylate Fuming Compound (Sirchie, Youngsville, NC, U.S.A.).  Subsequently, the 
gloves were processed using either white powder or yellow dye staining to attempt to 
develop latent prints.  The white powder utilized in this study was Sirchie Latent Print 
Powder Indestructible White.  In addition, the three pairs of gloves that were fired with 
the revolver and processed with Sirchie Basic Yellow Fluorescent Dye were subsequently 
swabbed for the recovery of DNA prior to P-GSR collection.  
After the gloves were processed for latent prints, they were returned to the Trace, 
Arson, and Explosives Unit where they were stubbed for P-GSR in a designated clean 
room.  This process involved using one stub to collect P-GSR from the interior side of the 
left and right gloves and one stub to collect P-GSR from the exterior side of the left and 
right gloves.   
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Figure 8. A pair of gloves after undergoing latent print processing involving 
cyanoacrylate fuming and white powder. The small X’s near the openings of the 
gloves indicated the exterior side of the gloves.  
 
2.3 SEM/EDS Analysis 
 A total of 62 aluminum stubs were collected and analyzed individually using a 
scanning electron microscope-X-ray energy dispersive spectroscopy (SEM/EDS).  The 
particular instrument utilized in this study was a JEOL JSM-6460LV scanning electron 
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microscope (JEOL USA Inc., Peabody, MA) with an Apollo X analyzer (EDAX Inc., 
Mahwah, NJ) to determine if three-component particles containing lead, barium, and 
antimony were present with the correct morphology. The computer software used to set 
up the automation of the instrument and data processing was Genesis GSR Software by 
EDAX.  Prior to analysis, each stub was carbon-coated using a Denton Vacuum Desk IV 
with a Denton Vacuum Carbon Accessory (Denton Vacuum LLC, Moorestown, NJ).  
The stubs were placed into the sample holder of the SEM/EDS alongside a positive 
control, which was used to ensure the quality of the analysis.   
 
Figure 9. The Denton Vacuum Desk IV with a Denton Vacuum Carbon Accessory 
utilized in this study.  
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Figure 10. The JEOL JSM-6460LV Scanning Electron Microscope with an Apollo X 
Analyzer and computer set up with the Genesis GSR Software utilized at MSPCL.  
The parameters set in the software for automated runs are listed in Table 2. The 
number of fields was set to 423; this indicates the number of total areas that will be 
scanned for 3-component particles on each aluminum stub.  The max particles per stub 
setting was set to 50, meaning that the instrument will continue scanning fields on the 
stub until it has either identified 50 three-component particles or has scanned all of the 
fields.  The detector on the instrument was set to analyze back scatter electrons in order 
to obtain the better elemental compositional results.  
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Table 2. The settings used in the EDAX Genesis GSR Software for the automated 
runs of the SEM/EDS throughout the study. 
PARAMETERS SETTINGS 
Magnification 250X 
Spot Size 65 
ACC Voltage 30Kv 
Working Distance 10mm 
% Stub Covered ~90% 
Field Pattern Spiral  
# of Fields 423 
Max Particles per Stub 50 
Counts per Second (CPS) ~10,000 
Dead Time 20-40% 
Detector BSE 
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3. RESULTS AND DISCUSSION 
3.1 P-GSR Recovery Results 
Results showed that gunshot primer residue is consistently found on the gloves of 
an individual after they have discharged a firearm.  The instrument identified 50 three-
component particles, the maximum count set in the analysis parameters, on all analyses 
of glove exteriors.  On average, 37 three-component particles were identified on the 
exterior of the left and right gloves after the discharge of a pistol, while an average of 30 
three-component particles were identified after the discharge of a revolver.  Right 
exterior gloves contained more three-component particles on average in comparison to 
the left exterior gloves.   
Table 3. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a pistol.  
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Table 4. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a revolver.  
 
On average, the gloves that were used to the shoot the pistol and underwent latent print 
processing identified approximately 34 three-component particles on the exterior of the 
glove and 7 three-component particles on the interior of the gloves.  In regards to the 
gloves used to shoot the revolver and underwent latent print processing, an average of 32 
three-component particles were confirmed on the exterior of the gloves and 4 three-
component particles on the interior of the gloves.  
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Table 5. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a pistol and latent print processing utilizing 
cyanoacrylate fuming and white powder.  
 
Table 6. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a revolver and latent print processing utilizing 
cyanoacrylate fuming and white powder.   
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Table 7. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a pistol and latent print processing utilizing 
cyanoacrylate fuming and yellow dye. 
 
Table 8. SEM/EDS results of 3-component particle recovery on three pairs of latex 
gloves following the discharge of a revolver, latent print processing utilizing 
cyanoacrylate fuming and yellow dye, and swabbing for DNA.   
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3.2 Scan Time Comparison 
Scan times varied highly between stubs and, therefore, averages should be taken 
cautiously.  The exterior of gloves that were stubbed directly after discharging a pistol on 
average took approximately 1 hour to find the max number of three-component GSR 
particles.  The gloves used to discharge a revolver on average took 2 hours and 20 
minutes.  In comparison, glove exteriors that were fingerprinted with white powder on 
average took approximately 1.5 hours, while gloves that were processed with yellow dye 
took on average approximately 2 hours.   
3.3 Control Results 
Both of the air controls that were used to monitor the clean room environment 
throughout evidence collection identified zero three-component particles, indicating that 
there was no environmental contamination of the stubs while the gloves were being 
sampled.  With the exception of three rounds, all negative controls collected prior to 
discharging the firearm showed that no three-component particles were present on the 
individual’s hands prior to shooting.  The three pistol rounds that did identify three-
component particles, rounds 7, 9, and 11, only identified 1-2 particles on a negative 
control.  In regards to the guidelines of P-GSR identification that many forensic labs 
contain, including MSPCL where the research was conducted, finding less than 3 three-
component particles would not classify as a positive P-GSR result.  
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3.4 Discussion 
Our first steps involved in this evaluation was to compare the total number of 
particles recovered from gloves involve in the shooting of a pistol in comparison to the 
shooting of a revolver without any latent print processing. Although more 3-component 
particles were detected from pistol samples, data showed that a greater number of total 
particles were recovered from gloves involved with shooting a revolver in comparison to 
a pistol.  This is likely due to the increased number of openings present on a revolver, 
allowing the escape of more gas, leading to more expelled particles being released and 
deposited on objects surrounding the firearm to be subsequently recovered.  In addition to 
this conclusion, this evaluation showed that a sufficient number of 3-component particles 
were recovered from the latex gloves after the discharge of either firearm in order to 
produce a positive result for gunshot primer residue according to MSPCL protocol, which 
requires three 3-component particles to be found.   
In all rounds for both the pistol and the revolver, the SEM identified the max 
number of 3-component particles (instrument threshold=50) on the exterior of the latex 
gloves after undergoing latent print processing.  Considering the amount of time required 
to identify up to the 50-particle threshold increased for these gloves, it indicates that more 
fields needed to be analyzed in order to find the 3-component particles.  This is not 
surprising, considering the ease of dislodging and removing 3-component particles from a 
surface. The increased scan time could also be due to the instrument having to scan more 
particles overall considering the adhesive on the stub likely picks up fingerprint powder 
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and cyanoacrylate glue particles in addition to three-component particles.  It should also 
be noted that when the processed gloves were stubbed, the adhesive became covered in 
white residue and lost its tackiness much faster in comparison to when non-processed 
gloves were stubbed. It can therefore be concluded that the latent print process involving 
cyanoacrylate fuming and either white powder or yellow dye processing either reduced 
the concentration of 3-component particles present on the gloves or decreased the amount 
of P-GSR that the adhesive stub collects due to powder and glue particles also being 
present.  
For both firearms, a small number (<10) of 3-component particles were often 
recovered from the inside of the gloves after they underwent fingerprint processing.  
These particles could have been deposited when the gloves were removed by the shooter.  
Knowing that these particles do not persist very long and can easily be dislodged from a 
surface, they also could have been deposited during the manipulation of the gloves when 
they underwent latent print processing or movement of the gloves within an evidence 
bag.  These particles could have also been deposited on the inside gloves after the 
discharge of the firearm.  The data showed that there was a consistent presence of 3-
component particles on the interior of latex gloves, and therefore, it should be taken into 
consideration to sample both the interior and exterior of gloves when stubbing gloves for 
gunshot primer residue. 
 In conclusion, this research shows that gunshot primer residue will persist and can 
be detected on latex gloves after they are processed for latent prints using cyanoacrylate 
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fuming followed by white powder or yellow dye processing.  Although more 3-
component particles were detected on the exterior of the gloves, a presence of particles 
was also found on the interior, and therefore it is recommended to stub both the interior 
and exterior of the gloves when collecting for gunshot primer residue.   
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4. FUTURE CONSIDERATIONS 
 Further work is needed on this topic in order to fully understand the effects of 
latent fingerprint processing on evidence prior to P-GSR collection.  This study was 
focused on the collection of P-GSR on latex gloves, but other substrates should be tested 
in the future, such as collecting from car surfaces.  Cases involving drive-by shootings 
could benefit greatly from fingerprinting a car to determine a potential suspect and the 
presence of P-GSR on the car window frame or door could support the involvement of 
the car with a shooting.  Future studies could also incorporate other types of latent print 
processing materials, such as black powder.   
 This research could also be expanded to include more types of guns, such as rifles 
and shotguns, as well as different types of ammunition.  Due to the movement towards 
lead-free and more environmentally-friendly ammunition compositions, different types of 
ammunitions that may not necessarily be made of the lead, barium, and antimony are 
becoming more popular and will soon have a consistent presence in criminal cases.  
These types of ammunition should be tested to see if their elemental compositions can be 
accurately identified after undergoing latent print processing.   
 The gloves analyzed in this study were collected immediately after discharging a 
firearm, meaning that they likely had a large number of P-GSR particles on them due to 
not being exposed to any type of activity to cause particle removal.  This may not be 
entirely realistic considering criminals wearing latex gloves could wear the gloves for the 
entire duration of the criminal act before disposing them long after discharging a firearm.  
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Further studies could focus on the ability to recover P-GSR on latex gloves that have 
been worn and used for an extended period of time after discharging a firearm, simulating 
loss of P-GSR that may occur during a crime, such as if a criminal cleans up a crime 
scene or moves a body.  
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APPENDIX A:  CONTROL SEM/EDS DATA 
Table A: SEM/EDS results of the negative controls used during the rounds 
involving a pistol.  
 
Table B: SEM/EDS results of the negative controls used during the rounds involving 
a revolver. 
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APPENDIX B:  TOTAL SEM/EDS PARTICLE COUNTS FOR ROUNDS 
INVOLVING FIREARMS  
Table A: SEM/EDS results of all particles analyzed and identified by the instrument 
during each automated run of stubs involved with the discharge of a pistol. 
 
Table B: SEM/EDS results of all particles analyzed and identified by the instrument 
during each automated run of stubs involved with the discharge of a revolver. 
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